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This paper describes the nutritional requirements for the improvement of growth and sporulation of several strains of Monascus
purpureus on solid state cultivation. The ﬁndings revealed that glucose enhanced growth of all M. purpureus strains tested
but inhibited the sporulation rate. On the other hand, sucrose induced sporulation but inhibited production of cell mass. A
combination of glucose and sucrose greatly enhanced sporulation and cell mass production of M. purpureus. Although growth
and sporulation rate were related to the ratio of carbon to nitrogen (C/N ratio), the types and concentrations of carbon and
nitrogen sources also greatly inﬂuenced the growth kinetics. Among the media tested, Hiroi-PDA medium was the most preferred
medium for all M. purpureus strains tested for the enhancement of radial growth rate, sporulation, and cell production. Hence,
Hiroi-PDA could be suggested as the generic basal medium for the cultivation of M. purpureus. However, individual medium
optimization is required for signiﬁcant enhancement in growth and sporulation of each strain of M. purpureus.
1.Introduction
The most important characteristic of the genus Monascus,
which belongs to the Ascomycetes class and the Monascaceae
family, is the ability to produce secondary metabolites of
polyketide structure [1, 2]. This mould has been cultured
on rice and used as a part of Chinese food for thousands of
years and is generally known as red mould rice. The most
famous secondary metabolites, which have been puriﬁed
and identiﬁed from these fungi, include monacolins, GABA,
dimerumic acid with medical eﬀects, pigments as natural
colorants, and citrinin as an antibacterial agent [3–5].
Many ﬁlamentous Ascomycetes spend most of their life
cycles as haploids, and many forms of asexual spores
(conidia) serve as vegetative propagules or male (fertilizing)
parents in sexual crosses. Asexual sporulation is a common
reproductive mode for Monascus species [6]. Under fa-
vourable environmental conditions, each conidium can pro-
duce a young mycelium. The size and shape of spores and
colonies of ﬁlamentous fungi are the important factors in
fungal identiﬁcation. In fungal fermentation, inoculation
could be performed using either a culture in the form of
vegetative cells or spores suspension. Improvement of radial
growth rate would be considered when vegetative cells need2 Journal of Biomedicine and Biotechnology
to be used as an inoculum in fermentation process. The
inoculum in the form of spores has many advantages in
comparison to vegetative cells, such as ease in handling,
high viability, and stability for a long period of storage,
maintenance, and preservation. However, as the sporulation
rate of Monascus spp is low due to its asc feature, the in-
oculum in the form of vegetative cell is widely used in
fermentation employing Monascus spp. Sporulation rate of
Monascus spp may be improved by the optimization of
medium composition. Since Monascus spp are nontoxic
fungi, the Monascus fermented product can be consumed
directly as food or nutraceutical supplements with multiple
therapeutic beneﬁts. For the development of industrial
process, nutritional requirements for the enhancement of
growth and sporulation of Monascus spp will be identiﬁed.
The preferred growth characteristics of Monascus spp for
high-level production of the desired secondary metabolites
will also be identiﬁed.
Generally,thegrowthmediaforfungicontaincarbon(C)
and nitrogen (N) sources, and most fungi require several
speciﬁc elements for growth and reproduction [7–9]. In
addition, various types of C and N sources could be utilised
by fungi due to their ability in secreting various enzymes
for the degradation of the polymers into small molecules
[10]. This means that the type and concentration of C and N
sources, C/N ratio, and vitamins are the important factors in
medium formulation for the enhancement of fungal growth
and sporulation. Although potato dextrose agar (PDA) and
malt extract agar (MEA) are generally known as the most
common media for growth and sporulation of fungi [4],
they are only suitable for laboratory scale and might not be
economic at large-scale production. Rani et al. [11]c l a i m e d
that the Abrus sucrose agar was the preferred medium for
growth of fungi as compared to Czapek’s Dox agar and PDA.
Furthermore, the importance of C/N ratio on growth of
fungi and their ability to sporulate have been reported by
several researchers [7, 12, 13]. For instance, Lee et al. [14]
revealed that low concentrations of mineral supplements
(Zn2+,M n 2+,C u 2+,a n dF e 2+) were essential for growth of
Monascus spp., whereas high concentrations caused toxicity.
Since fungi can be adapted to grow on solid substrates,
the mechanisms involved in the control and regulation of
mycelial growth are better studied on solid media than in
submerged cultures. Information on the nutritional require-
ments for the enhancement of growth and sporulation rate
of Monascus spp on solid state cultivation is lacking. Thus,
the main objective of this study was to investigate the eﬀect
of medium composition on growth and sporulation rate of
several Monascus purpureus strains on solid state cultivation.
The information generated would be useful for the formula-
tion of industrial media for large-scale cultivation of these
fungal strains, which have potential in various industrial
applications such as the production of Monascus fermented
products for use as health food and pharmaceutics.
2.MaterialsandMethods
2.1. Materials. Yeast extract, malt extract, casamino acid,
agar, standard czapek medium, MEA, PDA, and peptone
werepurchasedfromDifco(Detroit,MI,USA).Otherchem-
icals used in this study were purchased from Merck KGaA
(Darmstadt, Germany).
2.2. Microorganisms. Seven Monascus purpureus strains were
used in this study. Three M. purpureus strains (DSM1379,
DSM1604, and DSM1603) were obtained from the German
collection of microorganisms and cell cultures (DSMZ),
while the other four M. purpureus strains (FTC5391,
FTC5400, FTC5354, and FTC5357) were isolated from local
sourcesandmaintainedattheculturecollectioninMalaysian
Agricultural Research and Development Institute (MARDI).
The strains were conserved by routine inoculation and in-
cubation on PDA at 30◦C for 7 days, followed by storage at
4◦C, and subcultured monthly.
2.3. Growth and Sporulation Experiments. Small pieces of
vegetative cells (2mm2) obtained from the 7-day-old PDA
slant were cited in the centre of Petri dishes containing
diﬀerent agar media (Table 1) .T h es p o r e sw e r eh a r v e s t e d
after 12 days of inoculation at 30◦C using sterile saline water
containing 2% (v/v) Tween 80. All the experiments were
performed in triplicate.
2.4. Analytical Procedures. Growth of M. purpureus strains
wasestimatedbythedeterminationofcelldryweightandthe
radial growth. For the determination of dry cell weight, the
whole agar of the cultivation plate was mixed with 100mL
distilled water and boiled to dissolve the agar. The agar
solution containing the fungal biomass was ﬁltered through
the dry Whatman ﬁlter paper Number 5, and the ﬁlter paper
with the retained fungal cells was then dried in an oven
at 90◦C for 24h until a constant dry weight was attained.
Radial growth was estimated by measuring the radius of each
colony with a ruler from the centre of the Petri dish along
two perpendicular axes (four measurements per dish) at the
intervals of 48h. The number of spore was counted using the
haemocytometer.
2.5. Statistical Analysis. The diﬀerences in mean values
among diﬀerent strains and media were expressed as mean
+ SD. One-way ANOVAs (analysis of variances), LSD (least
square diﬀerences) in post hoc tests (P value < 0.05), and
Bivariate correlation were used to test the diﬀerences in
growth and sporulation rate among the diﬀerent strains on
diﬀerent media using the PASW statistical software (version
18).
3. Results
3.1. Eﬀect of Medium Composition on Radial Growth Rate.
The eﬀect of medium composition on growth (radial growth
and cell mass production) and sporulation of diﬀerent
strains of M. purpureus in various media after 12 days of
incubation are summarized in Table 2. The radial growth of
the seven strains of M. purpureus on various media after 12
days of incubation is shown in Figure 1. For all strains, the
radial growth rate was signiﬁcantly increased in cultivationJournal of Biomedicine and Biotechnology 3
Table 1: Medium formulations tested in this study for the improvement of growth and sporulation of various strains of M. purpureus.
Hiroi (sucrose medium)
[15]
Sucrose (100g/L), yeast extract (3g/L), casamino acid (5g/L), NaNO3 (2g/L),
KH2PO4 (1g/L), MgSO4·7H2O (0.5g/L), KCl (0.5g/L), FeSO4 (0.01g/L), agar
(15g/L)
Hiroi-PDA
Sucrose (100g/L), yeast extract (3g/L), casamino acid (5g/L), NaNO3 (2g/L),
KH2PO4 (1g/L), MgSO4·7H2O (0.5g/L), KCl (0.5g/L), FeSO4 (0.01g/L), potato
starch (4g/L), dextrose (20g/L), agar (15g/L)
PDA Potato starch (4g/L), dextrose (20g/L), agar (15g/L)
Power medium (PM) [16]
Lactose (30g/L), bacto pepton (5g/L), corn steep solids (0.5g/L), NaCl (4g/L),
CuSO4·7H2O (0.001g/L), FeCl3·6H2O (0.003g/L), KH2PO4 (0.006g/L), MgSO4·7
H2O (0.05g/L), agar (15g/L)
Improved medium (IM) Dextrose (8g/L), MgSO4·7H2O (2.5g/L), KH2PO4 (2.7g/L), peptone (2.4g/L),
yeast extract (2g/L), agar (15g/L)
MEA [17] Malt extract (20g/L), glucose (20g/L), peptone (10g/L), agar (15g/L)
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Figure 1:Comparisonofcolonymeanradiusfordiﬀerentstrainsof
Monascus spp after 12 days of cultivation on diﬀerent media. Data
are average of three determinations (mean ± SD).
using a mixture of Hiroi and PDA media. The radial growth
rate on PDA and improved medium (IM) were signiﬁcantly
lower than the other media, whereas the radial growth rate
on Hiroi was the highest for all strains, except for the
DSM1603 strain, which had the highest radial growth rate
on IM. One-way ANOVA test showed signiﬁcant diﬀerences
of radial growth rate among the diﬀerent strains on each
medium, as follows: Hiroi (F = 29.22 and P value = 0.00),
IM (F = 13.701 and P value = 0.00), MEA (F = 5.368
and P value = 0.005), Hiroi-PDA (F = 3.273 and P value =
0.032), and PM (F = 5.146 and P value = 0.005). However,
the radial growth rate on PDA for all strains tested was not
signiﬁcantlydiﬀerent (F = 1.24 andP value =0.34).LSDof
post hoc test indicated that the exact point of diﬀerences was
between the DSM1603 strain and other strains. The lowest
radial growth rate was about 1.67mm/day for DSM1379
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Figure 2: Comparison of sporulation among diﬀerent strains of
Monascus spp cultivated on diﬀerent solid media. Data are average
of three determinations (mean ± SD).
on PDA, while the highest was about 3.03mm/day for M.
purpureus FTC5391 on MEA.
3.2. Eﬀect of Medium Composition on Sporulation. Figures
2 and 3 show the eﬀect of medium composition on the
sporulation of the seven strains of M. purpureus.S p o r u l a t i o n
was greatly varied among the diﬀerent strains on diﬀerent
media tested in this study. The one-way ANOVA test showed
that the diﬀerences were signiﬁcant, as follows: Hiroi (F =
285.922 and P value = 0.00), IM (F = 1477.602 and P value
= 0.00), MEA (F = 194.760 and P value = 0.005), Hiroi-
PDA (F = 27.256 and P value = 0.00), PM (F = 34.739
and P value = 0.000), and PDA (F = 789.058 and P value
= 0.00). The highest sporulation was induced by Hiroi-PDA
medium, while the lowest sporulation was obtained with4 Journal of Biomedicine and Biotechnology
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Figure 3: The number of conidia on PDA (a) and Hiroi (b) for DSM1379. Arrows indicated the conidiation (a few conidium on PDA (a)
and improvement of conidiation on Hiroi medium (b)).
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Figure 4: Comparison of cell production by diﬀerent strains of
Monascus spp cultivated on diﬀerent solid media. Data are average
of three determinations (mean ± SD).
the PDA medium. In general, Hiroi and IM media gave the
highest spore production for M. purpureus FTC5357 and M.
purpureus FTC1379.
3.3. Eﬀect of Medium Composition on Cell Mass Production.
The eﬀect of medium composition on growth of the seven
strains of M. purpureus, measured as the dry cell weight, is
shown in Figure 4. The highest cell production was obtained
from the Hiroi-PDA medium, especially for M. purpureus
DSM 1603, whereas the lowest was obtained from the Hiroi
medium. A slight diﬀerence in cell production was observed
among all strains for growth on MEA, IM, and PM. The
results of the one-way ANOVA test among the diﬀerent
strains on diﬀerent media showed a signiﬁcant diﬀerence
only on Hiroi-PDA medium (F = 5.739 and P value =
0.03). Although Hiroi-PDA medium was the most preferred
Table 3: Total ingredients of compounds in medium and the
percentage of carbon and nitrogen along with C/N ratio.
Total compounds
(g/L) C (%) N (%) C/N
Improved medium 17.6 45 25 1.8
Hiroi 112.01 89.3 8.9 10.03
MEA 50 60 40 1.5
Power medium 73.7 82 9.5 8.6
PDA 24 100 — —
Hiroi-PDA 136.4 91.2 7.4 12.3
medium,ingeneral,amongallthestrainstested,theLSDtest
(data not shown) showed that the composition of medium
for cell production was strain dependent.
3.4. Eﬀect of Medium Formulation on Colony Morphologies.
Diﬀerent medium formulations induced diﬀerent mor-
phologies of colonies for all the M. purpureus strains tested
in this study. The morphologies of the M. purpureus strains
on Hiroi-PDA were obviously changed in comparison to the
other media, especially in the case of DSM1603 (Figure 5).
3.5. Eﬀect of Carbon to Nitrogen Ratio (C/N) on Radial
Growth Rate, Sporulation, and Cell Production. The C/N
ratio of the diﬀerent media used in this study is elucidated in
Table 3, where the range was from 1.5 to 12.3. The inﬂuence
of C/N ratio on radial growth, sporulation and cell produc-
tion is shown in Figures 6, 7,a n d8. Although signiﬁcant
relation between C/N ratio and radial growth is not observed
(Figure 6), the eﬀect of C/N ratio on radial growth was strain
dependent. M. purpureus DSM1603 did not exactly follow
the tack of C/N ratio on radial growth, where the highest
radial growth was obtained at C/N ratio of 1.8 while the
lowest was obtained at C/N ratio of 10.03. On the contrary,
M. purpureus FTC5357 strain had the highest radial growth
at C/N ratio of 10.03, while the lowest was observed at C/N
ratio of 1.8.
Figures 7 and 8 reveal that the sporulation and cell pro-
duction were directly related to C/N ratio to a certain6 Journal of Biomedicine and Biotechnology
(a) (b)
Figure 5: Diﬀerent morphologies of M. purpureus DSM 1603 colonies cultivated using two diﬀerent media, Hiroi-PDA (a) and PDA (b).
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Figure 6: Eﬀe c to fC / Nr a t i oo nr a d i a lg r o w t ho fM. purpureus.Q :
C/N ratio of PDA (potato dextrose agar) medium (PDA does not
include nitrogen source), 1.5: C/Nratioof MEA (malt extract agar),
1 . 8 :C / Nr a t i oo fI M( i m p r o v e dm e d i u m ) ,8 . 6 :C / Nr a t i oo fH i r o i ,
10: the C/N ratio of PM (power medium), and 12.3: C/N ratio of
Hiroi-PDA.
extent. However, the type of C and N sources also greatly
inﬂuenced sporulation and cell production of all the M.
purpureus strains tested in this study. Figure 6 clearly shows
that the eﬀect of C/N ratio on sporulation was strain
dependent, in which the M. purpureus DSM1379 and M.
purpureusFTC5357 strains did not exactlyfollowthe trackof
C/N ratio on sporulation. The sporulation of M. purpureus
DSM1379 was ﬁrst increased from the medium without
N source to the medium with C/N ratio of 1.8, and
decreased drastically with the increase of C/N ratio from
1.8 to 8.6. However, the sporulation was enhanced at higher
C/N ratio (10.3 to 12.3). The highest sporulation of M.
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Figure 7: Eﬀect of C/N ratio on sporulation of M. purpureus.Q :
C/N ratio of PDA (potato dextrose agar) medium (PDA does not
include nitrogensource), 1.5: C/Nratio ofMEA (malt extract agar),
1 . 8 :C / Nr a t i oo fI M( i m p r o v e dm e d i u m ) ,8 . 6 :C / Nr a t i oo fH i r o i ,
10: C/N ratio of PM (power medium), and 12.3: C/N ratio of Hiroi-
PDA.
purpureus FTC5357 was observed in the medium with C/N
ratio of 10.3. Sporulation was increased drastically with the
increase in C/N ratio from 8.6 to 10.03, where inhibition
of sporulation was observed at higher C/N ratio (>10.03).
Figure 7 shows that the cell production of all strains was
constantly increased with increasing C/N ratio up to 8.6. A
slight reduction in cell production was observed at higher
C/N ratio (<10.3). However, enhancement of cell production
was again observed at very high C/N ratios (>12.3).
3.6. Correlation between Radial Growth, Sporulation, and
CellProduction. Table 4 showsthecorrelationbetweenradialJournal of Biomedicine and Biotechnology 7
Table 4: Correlation between radial growth, cell mass production, and sporulation of M. purpureus strains cultivated on diﬀerent solid
media.
M. purpureus strain Radial growth/sporulation
(%)
Radial growth/cell mass production
(%)
Sporulation/cell mass production
(%)
DSM1379 2.5 0 0
DSM1604 31 0 72
DSM1603 0.5 76 0
FTC5391 80 0.4 0
FTC5357 85 0 34
FTC5400 67 0 0
Q 1.5 1.8 8.6 10 12.3
Ratio (C/N)
DSM1603
DSM1604
FTC5400
DSM1379
FTC5354
FTC5357
FTC5391
0.18
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Figure 8: Eﬀect of C/N ratio on the production of M. purpureus
cells. Q: C/N ratio of PDA (potato dextrose agar) medium (PDA
withoutnitrogensource),1.5:C/NratioofMEA(maltextractagar),
1 . 8 :C / Nr a t i oo fI M( i m p r o v e dm e d i u m ) ,8 . 6 :C / Nr a t i oo fH i r o i ,
10: C/N ratio of PM (power medium), and 12.3: C/N ratio of Hiroi-
PDA.
growth, sporulation, and cell mass production. The results
displayed a signiﬁcant correlation between radial growth and
mass production in all strains, while there was no signiﬁcant
correlation between sporulation and cell mass production as
well as sporulation and radial growth rate.
4. Discussion
Fungal nutritional requirements are important not only for
successful cultivation in the laboratory but also for the
optimization of industrial fermentation processes [9]. It is
well known that the type and concentration of carbon and
nitrogen sources as well as C/N ratio play important roles on
fungal growth and sporulation [7, 18, 19]. Manipulation of
thenutritionalrequirementisthesimplestandmosteﬀective
way to improve the cultivation performance, considering
growth, production of the target metabolite, yield, and
productivity. Selection of the basal medium is the ﬁrst step
in the optimization of medium. In this study, six media
were tested in order to achieve a favourable basal medium
for the improvement of growth and sporulation of several
M. purpureus strains. Results from this study have demon-
strated that the radial growth rate, sporulation, cell mass
production, and colony morphology of several strains of M.
purpureus were greatly inﬂuenced by diﬀerent compositions
of solid media. The ability of M. purpureus to grow
and sporulate was greatly enhanced when a combination
of PDA and Hiroi media was used. This means that
the interactions of nutrients in both media are required to
improve growth and sporulation of M. purpureus. Although
Hiroi-PDA medium was preferred to enhance sporulation,
radial growth, and cell production in cultivation of M.
purpureus on solid media, signiﬁcant correlation between
these growth parameters for the diﬀerent strains on diﬀerent
media was not observed. Growth and sporulation of fungi
on synthetic media are usually related to the species and
medium composition [20]. Comparison between PDA (a
nonfavourable medium for radial growth rate) and Hiroi (a
favourable medium for radial growth rate) with other media
indicates that the variation in radial growth rate was related
to the diﬀerent carbon sources used in the diﬀerent media.
In general, radial growth of M. purpureus was enhanced
when sucrose was present in the medium as a carbon source.
In radial growth, the rates of branching and tip growth
were related to the cytoplasmic volume [9], which may be
stimulated due to the presence of sucrose as observed in this
study. The ability to utilize nitrate, ammonium, or organic
nitrogen sources determines the extent of vegetative growth
and, consequently, the reproduction capacity of the fungus.
There is little evidence that sporulation requires an element
that is nonessential for growth [8]. Lee et al. [14]r e p o r t e d
that inorganic ions and growth factors were required to
s t i m u l a t eg r o w t ho fM. purpureus.
The eﬀects of nutritional factors on fungi sporula-
tion have been studied by several researchers. Ammonium
sulphate and sodium nitrate inhibited the conidiation of
Penicillium camemberti in solid medium, while the presence
of potassium nitrate induced the conidiation [21]. Similar
results have also been reported for Aspergillus spp [22,
23]a n dMonascus spp [24]. Notably, the favourable media
(Hiroi-PDA and Hiroi) for the enhancement of sporulation8 Journal of Biomedicine and Biotechnology
of all M. purpureus strains tested in this study contained
nitrate and no ammonium. Sucrose has been reported as
the inhibitor to M. purpureus cell production [17]. On
the other hand, glucose was identiﬁed as the inducer for
the production of M. purpureus cells [25, 26]. It is well
known that bacterial and fungal spores are formed as a
response to unfavourable conditions. Nitrogen starvation
and calcium supply induce sporulation at higher rate than
carbon starvation [21]. The Hiroi-PDA medium employed
in this study to enhance the sporulation of M. purpureus
contained high amount of sugar (glucose and sucrose) and
low amount of nitrogen sources. In contrast, Rajderkar [8]
claimedthatlowsugarconcentrationgavehighersporulation
rate than high sugar concentration. The ability of fungi to
sporulate was related to a sophisticated system of positive
and negative gene regulations, which were aﬀected by the
environmental and nutritional factors. Temporal and spatial
regulations of gene expression, cell specialization, and inter-
cellular communication may aﬀect the conidiation in fungal
system [6, 27]. The genetic mechanisms controllingthe coni-
diation process have been well described in two Ascomycetes
systems, Aspergillus nidulans and Neurospora crassa [27].
Only a few genetic mechanisms concerned with Monascus
s p ph a v eb e e nr e p o r t e d[ 6]. In Monascus spp cell systems,
formation of either asexual or sexual spores appears to be an
eﬃcient method of cell proliferation. Although the general
mechanisms managing the sporulation in fungi are similar,
deﬁnitely, there are some important diﬀerences. Variation in
the ability of diﬀerent Monascus strains in the same species
to sporulate with diﬀerent medium compositions is related
to the genetic diﬀerences in detail. However, further study
is deemed necessary to identify the relationship between
the genetic mechanisms controlling the sporulation and
nutritional requirements.
The results from this study also revealed that the eﬀect of
C/N ratio on radial growth, sporulation, and cell production
during the cultivation of M. purpureus on solid media was
strain dependent. Sporulation was increased with increasing
C/Nratiouptocertainlevelsdependentonthestrains,where
a drastic reduction in sporulation was occurred. From the
correlation between growth rate and spore production, it
was revealed that the preferred medium for growth rate may
not be necessarily suitable to enhance spore production. For
example, growth of M. purpureus FTC5391 was enhanced on
cultivation using Hiroi, MEA, Power, and Hiroi-PDA media,
but spore production was only enhanced on cultivation
using Hiroi-PDA medium. It is very obvious that speciﬁc
medium formulation was required for the enhancement of
growth and sporulation of the speciﬁc M. purpureus strain.
In other words, a generic medium formulation could not
be applied for all M. purpureus strains. The ﬁndings from
this study are important information for the development
of the fermentation process for the production of Monascus
fermented products, which have found many applications
as health foods and pharmaceutics. This means that the
individual medium optimization should be carried out for
M. purpureus strain to be employed in the process. However,
Hiroi-PDA could be used as a generic basal medium for the
cultivation of M. purpureus strains.
5. Conclusion
Growth parameters (radial growth, sporulation, and cell
mass production) of several M. purpureus strains cultivated
on solid medium were greatly inﬂuenced by medium com-
position and was found to be strain dependent. The use of
polysaccharide, disaccharide, and monosaccharide as carbon
sources along with nitrogen source was contributory factors
implicated in the onset of radial growth and conidiation
as well as enhancement in cell production and variation
in colony morphology. Sucrose induced sporulation and
inhibited production of cell mass. Glucose alone did not
induce sporulation. A combination of glucose and sucrose
greatly enhanced sporulation, and cell mass production of
M. purpureus. Among the media tested, Hiroi-PDA medium
was the most favourable medium for the enhancement of
radial growth, sporulation and cell mass production of all
M. purpureus strains tested in this study. Hence, Hiroi-PDA
could be suggested as the generic basal medium for the
cultivation of M. purpureus, either for the improvement of
secondary metabolites production or for the production of
Monascus fermented products.
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